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A論 文 内 容 要 旨         E
Even water is defined as the renewable resource and will not diminish from the earth since it 
is the closed circulation system; however, uneven in temporal and spatial distributions are causing 
and inducing water problems. Furthermore, anthropogenic climate change is going to accelerate 
problems related to water, e.g., flood and drought globally. Thus, better water resources 
management or option is needed. This dissertation was conducted in the Upper Chao Phraya 
River basin (UCP) in Thailand (Fig. 1a)), which mainly contents with flooding and drought 
problems, in order to reveal and fulfill our understanding in hydro-meteorological changes/ 
impacts on water resources aspects which are not explicitly study yet. It was an integrated study 
among surface water, groundwater, rice water demand, climate change, and people’s perceptions 
of hydro-meteorological change impacts on water resources towards adaptation. 
Based on data and mathematical models that developed in this study with an approximately 
10 km × 10 km spatial resolution over the UCP, there was 987 mm in mean annual rainfall 
(1986-2000) and 88% (868 mm) of that amount was distributed in the wet season (May to 
October). A significant proportion (810 mm) was lost through evaporation and only 18% (177 
mm) of the mean annual rainfall contributed to runoff (Fig. 1b)). Approximately 93 mm (Fig. 
1c)), which equivalent to 10.6 km3 in water volume, recharged into groundwater storage annually. 
Therefore, about 10.6 km3 was set as the maximum annual allowable groundwater extraction. This 
limitation was set to avoid depletion of groundwater. Only rice water demand was assumed as the 
basin water demand since it counted as a huge proportion of the basin water consumption. Thus, 
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mean annual basin water demand was approximately 650 mm or 175 mm (27%) and 475 mm 
(73%) for the wet and dry season, respectively. 
To assess alterations of the rice-growing season as a sustainable option to overcome 
temporary groundwater depletions resulting from flooding and drought conditions in the basin, 
rice was planted in May to harvest before seasonal flooding occurred (normally in October). As 
shown in Fig. 2a), the assessment showed that a cropping intensity (CI) of approximately 1.4 
(100% and 40% of the total agricultural area for the wet and dry seasons, respectively) could be 
supported by the total available water (runoff + groundwater recharge). Shifting the growing 
season did not have a negative impact in terms of rice production area, but it did ensure that the 
area of rice cultivation avoided flooding or surface water shortage conditions. Expanding the rice 
production area was also assessed and required the implementation of artificial groundwater 
recharge (AGR). For example, 1.0 km3 of AGR annually was enough to support CI equal to 1.5 
without experiencing groundwater depletion.  
   
 
a) Upper Chao Phraya River   
basin (109,973 km2) 
 
b) Runoff 
 
c) Groundwater recharge 
Fig. 1 a) location of the study area b) and c) are spatial distribution of runoff and groundwater 
recharge average over the period 1986-2000 (reference period) 
5 Global Climate Models (GCMs) under 3 climate change scenarios, i.e., low (RCP2.6), 
intermediate (RCP4.5), and highest (RCP8.5) greenhouse gas emission scenarios were used for 
assessing future water resources. A projected period was in 2026-2040 because it reasonable to 
assume that the land cover will not be altered to a large extent during this period and compared 
the results to the period 1986-2000. Maximum surface air temperature is projected increasing by 
1.2-2.3 °C relative to the reference period under the RCP8.5 scenario. Rainfall tends to decrease 
in the lower basin (especially in the lower Yom and Nan sub-basins), but an increase in the upper 
areas such as upper Ping area. About climate change impacts on groundwater resources, the 
groundwater recharge-storage-reduction relationship (Fig. 2b)) was constructed for assessing the 
potential of climate change impacts on groundwater in the UCP. According to the finding, it 
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would note that groundwater storages are expected to reduce by approximately 1.2 to 2.2 km3 if 
groundwater recharges reduce from 1.0 to 24.0% relative to the reference period. 
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Fig.2 a) assessment of basin capacity (total 
available water) to supply rice production area, 
b) groundwater recharge-storage-reduction 
relationship in the UCP, and c) people’s 
perceptions of potential climate change impacts 
on their houses and paddy fields based on 102 
samples (respondents) in the Sukhothai 
Groundwater Irrigation Project in Thailand 
 
Not only the mathematical based models have done in this dissertation, but also the study of 
local people’s perceptions (PP) of the past and future hydro-meteorological changes and its 
impacts on water resources using questionnaire survey was conducted as well. An intensive 
groundwater use area called Sukhothai Groundwater Irrigation Project in the Yom sub-basin was 
selected as the study area (Fig. 1a)). The survey results indicated a majority of people 
(94.7-100.0%) shared that less available surface water may occur and that this result is driven by 
climate change. However, an elder generation (≥41 years old, 55.6-84.2%) do not realize the 
potential climate change impacts because their groundwater will alleviate the problems. The 
overall PP of potential climate change impacts on their houses (e.g., water supply) and paddy 
fields (e.g., water for rice production) is depicted in Fig. 2c). Examining the PP of different 
generations, people who are ≥ 41 years old shared almost the same PP, and the people who are ≤ 
40 years old showed more awareness of climate change impacts. Since the younger generation 
realized potential climate change impacts; thus, the implementation of future adaptations is 
expected to have strong cooperation. 
The approaches and findings of this dissertation will be useful and fulfill our understand in 
water resources situations and its potential impacts of climate change as well as the ground truth 
from the local people's mind. Since the dissertation included the people dimension as complement 
of mathematical models and observations, thus it would allow the results more practicable. In 
addition, policy makers could take advantage of this study. 
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